The region around the self-conjugate doubly magic 100 Sn nucleus, located near the proton drip line [1] , is one of the focal points of nuclear structure [2] . Recently, 100 Sn β decay was shown to exhibit the largest Gamow-Teller strength measured to date [3] , and the first single-neutron excitation was identified in 101 Sn [4, 5] . Another manifestation of the doubly magic nature of 100 Sn is the existence of an island of enhanced α emitters which decay towards the Z ¼ N ¼ 50 closed shells. In fact, the emission of heavier clusters such as 8 Be, 12 C, and 14 C was also proposed in this region [6] [7] [8] .
A similar decay pattern can be found in the well-studied region near the stable doubly magic 208 Pb nucleus. In contrast to 208 Pb, valence protons and neutrons in nuclei near 100 Sn occupy the same orbitals, resulting in stronger proton-neutron interactions.
α decay is a fundamental nuclear decay mode. Despite scores of known α emitters, calculating associated lifetimes remains a challenge [9] . The α-emission probability is the product of the formation probability of the α particle inside the nucleus (preformation factor) and its transmission through the Coulomb barrier. While the latter can be readily computed, the former requires microscopic calculations, in which the preformation can be viewed as the overlap between the initial-state wave function and those of the states in the daughter nucleus and of the outgoing α particle. Residual nucleon-nucleon interactions are an important ingredient in such calculations. Because of its simplicity, the α decay of 212 Po to its doubly magic 208 Pb daughter can be viewed as a benchmark for models of α emission [10] . In fact, it is the only known α decay to a doubly magic daughter. The only other decay of the same type involves 104 Te, which is located far from the line of stability and, prior to this work, had not been observed due to a very small production cross section and anticipated short half-life. It is noteworthy that this 104 Te → 100 Sn decay is also of particular interest because enhanced proton-neutron interactions could result in an unusually large preformation factor. Hence, a comparison between 212 Po and 104 Te provides a direct assessment of the role of these interactions in α-particle formation [11, 12] . Such a superallowed α decay was proposed already in 1965 by Macfarlane and Siivola [13] . Experimentally, enhanced α decays have been observed near the N ¼ Z line in 105 Te [14, 15] , 106 Te [16, 17] , 110 Xe [16, 17] , and 114 Ba [17] . However, prior to this work, no information was available for any self-conjugate α emitters, where this effect should be the strongest.
In this Letter, the first observation of the new N ¼ Z isotopes 108 Xe and 104 Te, decaying into doubly magic 100 Sn, is reported. The measured decay properties are compared with those in neighboring even-even nuclei. It is shown that, in at least one of these nuclei, the α-particle preformation factor is more than 5 times larger than that seen in 212 Po, suggesting superallowed α decay and resulting in one of the largest values among the α emitters near the N ¼ Z line and, in fact, in the entire nuclear chart.
The experiment was conducted at the ATLAS facility of Argonne National Laboratory using the Fragment Mass Analyzer (FMA) [18] . The expected half-life of 104 Te is of the order of a few nanoseconds [19] , about a factor of a hundred shorter than the time of flight of reaction products through the separator. Therefore, the 54 Feð 58 Ni; 4nÞ 108 Xe reaction was chosen to produce 108 Xe instead. The latter decays into 104 Te, but is expected to live long enough to survive the flight through the FMA. The anticipated production cross section of 108 Xe is less than 1 nb, in the presence of background from other reaction channels corresponding to about 700 mb. In order to achieve the required selectivity, the recoil-decay correlation method was implemented to identify weakly produced α emitters. Self-supporting 450-μg=cm 2 -thick 54 Fe targets were mounted on a rotating wheel in order to accommodate the high beam intensity. Downstream from the target wheel, a 20-μg=cm 2 stationary carbon foil was used to reset the charge-state distribution of the recoiling residues. The 58 Ni beam had a laboratory energy of 245 MeV and an average intensity of 32 particle nA (2 × 10 11 ions=s). The total irradiation time was approximately 118 h. The FMA was set to collect fusion-evaporation residues (referred to as recoils below) with a mass number of 108 and a charge state of þ26 or þ27 through slits located at the focal plane. A position-sensitive parallel-grid avalanche counter (PGAC) measured mass-to-charge-state ratios of nuclei transported through the FMA. Behind the PGAC, the recoils were implanted into a 100-μm thick, 64 × 64 mm 2 , 160 × 160 strip double-sided silicon detector (DSSD). Eight 300-μm thick, 4 × 7 cm 2 single-sided silicon detectors, each composed of seven strips, were placed upstream from the DSSD in a box geometry (referred to as the BOX detector below) to detect α particles escaping from the DSSD. Individual events from each detector were time stamped with a 100-MHz clock. An approximately 4-μs long trace was collected for each DSSD event in order to analyze pileup events. The energies deposited in the DSSD were extracted using a linear energy calibration obtained with an α source containing 240 Pu and 244 Cm isotopes (gain parameter) and with the observed 108 Te [E α ¼ 3314ð4Þ keV [20] ] α activity (offset parameter). The BOX detector was calibrated using the escaping 108 Te α particles. The α-decay recoil effect [21, 22] , as well as dead layer effects in both detectors, were accounted for in these calibrations.
In Fig. 1 , all observed decay events correlated with a recoil event measured in the same pixel of the DSSD are displayed. An event was considered to be a recoil if (i) the PGAC yielded A ¼ 108, (ii) the energy registered in the DSSD was greater than 15 MeV, and (iii) a time-of-flight condition between the PGAC and the DSSD was satisfied. An event without a PGAC signal was considered to be a decay event. In Fig. 1 , events arising from previously known activities are labeled. The high-energy background present in Fig. 1 is due to scattered beam and other implants, which were not vetoed by the PGAC. The two events, clearly separated from the background, marked with numbers 1 and 2, are shorter lived and more energetic than any known α emitter in this region. Furthermore, a particle was registered by the BOX detector in coincidence with both of these events; see Previously identified activities are labeled. The two events associated with the new activities are marked with numbers 1 and 2. The inset provides the time distribution of these events. The half-life of 108 Xe was extracted using the maximum likelihood method [23] , and the solid line in the inset is the determined probability distribution function. The ordinate of the inset is arbitrary. See text for details on the region marked with a dashed line. BOX events is nearly identical. By fitting and integrating the background in Fig. 1 , it was found that less than 0.09 events can be attributed to random correlations in the region near the events of interest, marked with dashed lines in Fig. 1 . Furthermore, the background is reduced by a factor greater than 400, once a coincidence event in the BOX is required. Given the nearly equal total energies and the low background, it is very unlikely that the two observed coincidence events are due to random correlations.
The energy deposited in the DSSD is too high to originate from a single escaping high-energy α particle, suggesting another origin. Consequently, event 1 (2) was interpreted as the α particle from 108 Xe stopped in the DSSD (BOX), rapidly followed by an α particle from 104 Te stopped in the BOX (DSSD). There are no events indicating the observation of both α decays with full energy in the DSSD. The deduced properties of these chains are listed in Table I and are discussed in detail below. Regardless of which α particle was stopped in the DSSD, the time difference between this DSSD event and the preceding recoil event, observed in the same pixel of the DSSD, reflects the decay time of 108 Xe. This time distribution is presented in the inset of Fig. 1 . The 108 Xe half-life of 58 þ106 −23 μs was determined with the maximum likelihood method [23] . In order to extract the anticipated short halflife of 104 Te, DSSD traces corresponding to 108 Xe-104 Te pileup events were analyzed. In Fig. 3 , the second derivatives of the recorded DSSD traces are displayed for each event and compared to differentiated reference double-decay traces with a delay varying from 0 to 60 ns between consecutive decays. The reference traces were obtained by taking an average trace recorded for the α decay of 108 Te from the same DSSD strips in which the events of interest were recorded, then scaling and delaying it before summing it with the original trace to simulate a sequence of two decays. The peak in the reference trace for Δt ¼ 20 ns displays a broadening, which is not visible in the traces of events 1 and 2, implying a decay time shorter than 20 ns for both events, and resulting in an upper limit of 18 ns with a 68% probability for the 104 Te half-life. This is about a factor of 3 shorter than the reported half-life of 219 Pa [53(10) ns [24] , 60 þ28 −15 ns [25] ], making 104 Te the shortestlived ground-state α emitter observed thus far [26] .
The 108 Xe and 104 Te α-particle energies were reconstructed from the energies deposited in the DSSD and the BOX detector. The energy registered by the DSSD is the sum of one full α-particle energy, one partial α-particle energy, and two α-decay recoil energies partially recorded [22] . The partition of the energy deposited in the DSSD depends sensitively on the implantation depth, which was deduced from the observed 108 Te escape events. A correction term was applied to account for the difference between the energy loss of the 108 Te α particles and that of the 108 Xe and 104 Te α particles in the dead layers of the DSSD and the BOX. The required ranges for α particles in silicon were computed using the ASTAR calculator [27] , which is based on the ICRU Report 49 [28] . The α-particle energy reconstruction resulted in values of E α ð 108 XeÞ ¼ 4.4ð2Þ MeV and E α ð 104 TeÞ ¼ 4.9ð2Þ MeV. The higher energy was assigned to 104 Te, based on systematics. The quoted uncertainty is dominated by the determination of the implantation depth.
The extracted values of Q α ð 104 TeÞ ¼ 5.1ð2Þ MeV and Q α ð 108 XeÞ ¼ 4.6ð2Þ MeV are compared to the known even-even α emitters in the 100 Sn region, and to the analogous nuclei in the 208 Pb region, in Fig. 4 . From Fig. 4 one can notice a nearly linear, increasing trend Sn region with experimentally determined positive Q 2p values; however, in both cases 2p emission is dominated by α decay. The situation is different for 103 Te, where the α decay straddles the N ¼ 50 shell closure, resulting in a much slower α decay. In fact, 103 Te has been proposed to be the best candidate for 2p emission in nuclei with A > 100 [31] [32] [33] . The 8 Be-emission Q value of 9.6(5) MeV was extracted for 108 Xe. While this is the largest value in the 100 Sn region, it is still too small to compete with α decay. A useful quantity in the comparison of properties of α-emitting nuclei is the reduced decay width δ 2 , which is defined as λ α ¼ δ 2 P=h, where λ α is the partial α-decay constant, P is the Coulomb-barrier penetration factor, and h is Planck's constant. A standard way to obtain P for groundstate to ground-state α decay of even-even nuclei is to calculate the WKB integral [34] , assuming s-wave α-particle emission. The quantity δ 2 is often given relative to 212 Po, W α ¼ δ 2 =δ 2 ð 212 PoÞ. The extracted W α values, together with other properties of the new isotopes, are summarized and compared in Table II to those of previously known chains in even-even nuclei in the 100 Sn region.
Because of large energy uncertainties, W α values are not tightly constrained for 104 Te and 108 Xe. Whereas it is not possible to deduce the individual α-particle energies with high precision, their sum of 9.29 (9) MeV is better constrained. The E α ð 108 XeÞ and E α ð 104 TeÞ energies and, thus, W α ð 108 XeÞ and W α ð 104 TeÞ values are strongly correlated. This correlation can be found in Fig. 5 , where the α-particle energies are varied within the present uncertainties, while keeping their sum constant. Solutions corresponding to the shaded area in Fig. 5 are excluded. Hence, solutions with W α ≲ 5 for both 108 Xe and 104 Te are not likely, and at least for one of them W α ≳ 5, indicating superallowed character. This value is larger than for most of the neighboring nuclei, thus amplifying the increasing trend in preformation factors towards the N ¼ Z line.
Based on the α-decay systematics [15] , it was concluded that the α-particle preformation factor of 104 Te is at least 3 times larger than that of 212 Po. Recently, a microscopic approach based on the multistep shell model predicted a factor of 4.85 enhancement for 104 Te [11] , in fair agreement with the present data. In Ref. [12] , the complex-energy shell model was used and a preformation factor of 104 Te comparable to that of 212 Po was obtained, possibly pointing to the importance of proton-neutron interactions, which were not included in this latter calculation. The inclusion of the proton-neutron interaction was also necessary to reproduce the 212 Po α-decay lifetime [10] . In summary, the self-conjugate 108 Xe → 104 Te → 100 Sn α-decay chain was observed for the first time. 104 Te is only the second instance of α decay to a doubly magic nucleus. The decay properties of 108 Xe and 104 Te indicate that the α-particle preformation factor, for at least one of these nuclei, is more than 5 times larger than that of 212 Po, suggesting superallowed α decay. This observation confirms the increasing trend of the preformation factor towards the N ¼ Z line, and provides the first quantitative information about this effect in self-conjugate nuclei, where it is expected to be strongest.
In order to stimulate further theoretical studies of the α-particle formation, and of the role of the proton-neutron interactions in particular, observation of more 108 Xe → 104 Te → 100 Sn chains and reduction of uncertainties in neighboring α emitters are essential. A measurement of the 104 Te half-life is equally important, but will require a detection system sensitive to subnanosecond decay times. Observation of 112 Ba, a heavier N ¼ Z α emitter, is also possible.
